Hemoglobin and change in hemoglobin status predict mortality, cardiovascular events and bleeding in stable coronary artery disease.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

INTRODUCTION
Anemia is a risk factor for cardiovascular disease in the general population. 1 Anemia is also an independent predictor of adverse outcomes in acute coronary syndromes. [2] [3] [4] In addition, lower hemoglobin levels or anemia independently predict higher mortality after percutaneous coronary intervention 5 or coronary artery bypass graft surgery.
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Anemia may be associated with elevated levels of inflammatory mediators, 7 and inflammation is associated with atherosclerotic progression. 8 As such, anemia could theoretically contribute to progression of coronary artery disease. However, coexisting conditions (cardiovascular and other) are also intricately related to both inflammation and hemoglobin levels and it remains uncertain as to whether anemia is causally implicated in adverse outcomes or whether it is a marker of other, or advanced, disease. For example, a particularly strong adverse relationship is seen between anemia and outcomes in heart failure. 9, 10 Little is known regarding the relationship of hemoglobin or change in anemia status over time and cardiovascular events and mortality in stable coronary artery disease. The aims of the current analysis from the large contemporary global CLARIFY (ProspeCtive observational LongitudinAl RegIstry oF patients with stable coronary arterY disease) registry were to assess the relationship between hemoglobin, or change in anemia status over time, and 4-year mortality and cardiovascular and major bleeding events. We hypothesized that both lower baseline hemoglobin and change in hemoglobin over time would be associated with mortality and adverse cardiovascular events.
METHODS
Ethics Statement
The study was conducted in accordance with the principles in the Declaration of Helsinki. Local ethical approval was obtained as necessary in all countries prior to recruitment. All patients provided written informed consent.
Study Design and Patients
CLARIFY is an international, prospective, longitudinal cohort study involving outpatients with stable M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
6 coronary artery disease. [11] [12] [13] [14] The study was established to characterize outpatients with stable coronary artery disease in terms of clinical profiles, therapeutic strategies, and outcomes. Patients are followed up with annual visits for 5 years, with interim telephone calls every 6 months to maximize participant retention. Data collected included demographics, medical history, risk factors and lifestyle, physical condition and vital signs, current symptoms and treatments. Presence of diabetes or dyslipidemia reflects a history of these conditions. Patients were asked about their symptoms of heart failure; when present, symptoms were categorized per New York Heart Association class. Physical activity was graded according to the amount undertaken per week. Treatment is per usual local clinical practice. Laboratory and other test (invasive and noninvasive) results were collected, but no test was mandated by the study protocol.
Patients were required to have stable coronary artery disease, defined as history of ≥1 of the following: previous (>3 months before enrolment) documented myocardial infarction or coronary revascularization procedure; coronary stenosis >50% at angiography; or chest pain with evidence of myocardial ischaemia (stress electrocardiogram, stress echocardiograph or myocardial perfusion imaging). Exclusion criteria included recent (≤3 months) hospitalization for a cardiovascular reason (including revascularization), planned revascularization, or conditions hampering participation for the 5-year follow-up. Anemia was not an exclusion criterion.
To ensure patients were representative of stable coronary artery disease outpatients, recruitment of sites was based on selection of physicians (n = 2884, including cardiologists, office-based primary care physicians, and physicians based in hospitals with outpatient clinics) by national coordinators, using the best available epidemiological data in each country reflecting the burden of coronary artery disease. To reduce selection bias, each participating physician was asked to recruit 10-15 consecutive stable outpatients with coronary artery disease over a short period to meet a predefined country target of 25 patients per million inhabitants (range 12.5-50 ).
This analysis focused on patients with available hemoglobin data at baseline (collection of these data was not mandated for study enrolment). Patients were grouped according to quintile of baseline hemoglobin to permit comparison of characteristics and treatments between the groups and the relationship with 4-year outcomes (quintile 1: <12.80 g/dL; quintile 2: 12.80-13.69 g/dL; quintile 3: 13.70-
14.40 g/dL; quintile 4: 14.41-15.20 g/dL; and quintile 5: >15.20 g/dL) . In this analysis, the primary endpoint was all-cause mortality at 4-year follow up, with secondary cardiovascular mortality and major bleeding endpoints. Major bleeding was defined as that requiring hospitalization or blood transfusion.
Anemia was defined according to World Health Organization criteria as hemoglobin <13 g/dL for men and <12 g/dL for women. 15 To evaluate change in anemia status over time with 4-year outcomes, patients were divided into four groups according to the presence or absence of anemia at baseline and at follow-up, respectively: Normal/Normal (N/N); Anemic/Normal (A/N); Normal/Anemic (N/A); and Anemic/Anemic (A/A). Analysis of the effect of the change in hemoglobin on the outcome used the latest available hemoglobin value prior to each event.
Statistical Analysis
All CLARIFY data are collected and analyzed at an independent academic statistics center (Robertson Comparisons between the hemoglobin quintiles were made using either one-way analysis of variance or the Kruskal-Wallis test for continuous data, depending on the distribution of the data, or the chi-square test for categorical data.
The primary and secondary endpoints were evaluated with the use of univariate and multivariable
Cox proportional hazards models to examine the effect of the hemoglobin quintiles on each of the endpoints, with the multivariable model adjusting for clinical and demographic baseline variables known to have a relationship with these endpoints, and included the following: age, sex, geographic region, smoking status, systolic blood pressure, diastolic blood pressure, history of heart failure, dyslipidemia, history of myocardial infarction, history of percutaneous coronary intervention, history of coronary artery bypass graft, left ventricular ejection fraction, peripheral artery disease, asthma/chronic obstructive M A N U S C R I P T
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8 pulmonary disease, diabetes mellitus and renal function, where renal function was calculated using the Chronic Kidney Disease-Epidemiological Collaboration (CKD-EPI) formula for estimated glomerular filtration rate. 16 Similar Cox proportional hazards models were produced to examine the effect of the change in hemoglobin on each of the endpoints. These models included the above-noted four-level categorical variable, indicating the presence or absences of anemia in patients at baseline and at followup visits, instead of the hemoglobin quintiles.
Sensitivity analyses were performed, excluding patients with heart failure, and separately patients with severe chronic kidney disease at baseline. Severe chronic kidney disease was defined as estimated glomerular filtration rate <30 mL/min/1.73 m 2 .
RESULTS
A total of 33,375 patients were enrolled in 45 countries between November 2009 and June 2010. Four hundred seventy-four patients were excluded as they did not meet the study criteria, did not provide informed consent, or were missing ethics committee approval (Figure 1 ). Of the remaining 32,901 patients, baseline hemoglobin level was available in 21,829 patients and formed the study group. The mean age was 64 ± 10 years, 77.4% were male, and mean hemoglobin was 14.0 ± 1.5 g/dL. At baseline, 11.0% of men and 13.1% of women were anemic.
Baseline characteristics of the study population according to hemoglobin quintile are shown in Table 1 . The profiles of the quintiles differed. For example, age decreased steadily with increasing quintiles of hemoglobin; the percentage of men and the median body mass index increased from quintile 1 to quintile 5, whilst the converse was seen for age. Patients in the higher quintiles were more likely to be smokers and consume alcohol but less likely to be sedentary. They also had a longer duration of coronary artery disease and were more likely to have had a myocardial infarction or undergone percutaneous coronary intervention but less likely to have had coronary artery bypass graft. Patients in the lower quintiles had higher rates of prior hospitalization for heart failure and had higher prevalences of coexisting conditions, most notably diabetes. The prevalence of left bundle branch block decreased from quintile 1 to quintile 5; the opposite was seen for the mean concentration of triglycerides and estimated glomerular filtration rate ( Table 2) .
Whilst patients with lower hemoglobin were less commonly treated with aspirin and angiotensinconverting enzyme inhibitors, they more commonly received thienopyridines, anticoagulants, angiotensin receptor blockers, calcium antagonists, proton pump inhibitors, antihypertensive medications, nonsteroidal anti-inflammatory, and antidiabetic drugs ( Table 3) .
Outcomes According to Hemoglobin Status
In univariate analysis (Figure 2A ), all-cause mortality, cardiovascular mortality (quintile 1 only), noncardiovascular mortality, and major bleeding were significantly more common in the lowest two quintiles as compared with quintile 3. Following multivariable adjustment ( Figure 2B ), with quintile 3 as reference, patients in quintile 1 more commonly experienced all-cause and cardiovascular mortality and major bleeding whilst patients in quintile 2 more commonly experienced noncardiovascular mortality and major bleeding (trend for all-cause mortality). A composite of cardiovascular death, myocardial infarction, or stroke was more commonly seen in quintiles 1 and 2 (trend for quintile 5) as compared with quintile 3.
As sex is a strong predictor of both mortality and hemoglobin level, separate analyses have been done for men and women (Appendix 2).
Outcomes According to Change in Hemoglobin Status
Additional hemoglobin data at follow-up were available for a subset of 17,584 subjects, most of whom were not anemic at baseline and at follow-up. In univariate ( Figure 3A ) and multivariable ( Figure 3B) analysis, anemia status at follow-up (N/A or A/A) was associated with an increased risk of mortality (allcause, cardiovascular, and noncardiovascular) as compared to patients without anemia during the study (N/N). Patients whose baseline anemia normalized during follow-up (A/N) did not appear to be at increased risk of death, although risk of major bleeding was greater following multivariable analysis. The results were qualitatively similar when major bleeding outcomes were further adjusted for oral anticoagulant use at baseline.
Sensitivity analyses were performed after excluding patients with heart failure and severe chronic kidney disease at baseline and yielded qualitatively similar results.
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DISCUSSION
In this large international contemporary stable coronary artery disease population, low hemoglobin at baseline was an independent predictor of mortality, adverse cardiovascular events, and major bleeds when assessed over a 4-year period. Persisting or new onset anemia was an independent powerful predictor of cardiovascular and noncardiovascular mortality. In contrast, patients whose anemia normalized over time did not appear to have an excess mortality risk, although their risk of major bleeding was increased relative to patients without anemia. Whilst low hemoglobin levels may play a pathophysiological role in cardiovascular disease progression, and thereby adverse events, these data suggest that it may also be a marker of coexisting disease.
Published studies have focused on the relationship between anemia and outcomes in patients presenting with acute coronary syndromes 3, 4, 17, 18 and/or undergoing revascularization, with variable lengths of follow-up. 5, 19 Many of these were single center experiences. 2, 18, 19 Anemia at baseline has consistently been shown to predict adverse outcome. For example, data from the Acute Catheterization and Urgent Intervention Triage StrategY (ACUITY) trial showed that anemia was an independent predictor of 1-year mortality and major bleeding at 1 month. 4 A meta-analysis of 27 studies of patients with acute coronary syndromes (n = 233,144) found that anemia was associated with comorbidities and was an independent predictor of all-cause mortality. 3 In contrast, few studies have evaluated patients with stable coronary artery disease. Muzarelli et al. 20 evaluated data in 253 elderly subjects (≥75 years) with symptomatic stable coronary artery disease from the TIME study and found that anemia was an independent predictor of all-cause and cardiovascular mortality. Anemia was a predictor of a composite of cardiovascular events when evaluated in 143 subjects undergoing first diagnostic angiogram for stable angina and proven coronary artery disease (>50% luminal narrowing).
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The current study contributes to our understanding of the relationship of hemoglobin and change in anemia status in stable coronary artery disease, having recruited a large (21,829 patients) and representative (multicenter from 45 countries) population with long-term follow-up (4 years).
A relationship between heart failure and low hemoglobin is well established
22
; presence of anemia is a powerful predictor of adverse outcomes in heart failure. Relatively few patients in the CLARIFY study had a history of heart failure at baseline (83.2% had no symptoms of heart failure) and M A N U S C R I P T
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11 mean left ventricular ejection fraction was 56% (noting that data on left ventricular function were not systematically required for the study). To ensure that this group was not driving the main results of the study, sensitivity analysis, following the exclusion of patients with symptoms of heart failure, were performed and revealed qualitatively similar results. There is an intricate relationship between advanced chronic kidney disease and hemoglobin, and chronic kidney disease is an independent predictor of adverse outcomes for patients presenting with many different cardiovascular disorders. As such, the sensitivity analyses excluding patients with severe chronic kidney disease (estimated glomerular filtration rate <30 mL/min/1.73 m 2 ) add weight to establishing low hemoglobin as an independent predictor of events in patients with stable coronary artery disease.
Few studies have evaluated the effect of change in hemoglobin or anemia status over time in patients with coronary artery disease. A retrospective analysis of patients surviving to at least 6 months following a myocardial infarction showed that the last hemoglobin measurement had the highest prognostic power and that hemoglobin decrement was associated with an increased risk of all-cause mortality and recurrent cardiovascular events even among nonanemic patients at baseline. 23 Ang et al. 2 evaluated 448 patients presenting with acute coronary syndrome with hemoglobin assessment at baseline and 7 weeks. They found a doubling of the prevalence of anemia by 7 weeks and that its presence at either time point was an independent predictor of adverse prognosis. Our current study evaluated data from a subset of 17,584 patients and highlights that anemia at follow-up is an important independent predictor of all-cause, cardiovascular, and noncardiovascular mortality in stable coronary artery disease. When anemia normalizes over time, this relationship is lost. Anemia at baseline is a correlate of major bleeds; this is unlikely to be a causative relationship and more likely identifies patients at higher bleeding risk, perhaps reflecting prior blood loss.
Patient characteristics differed according to hemoglobin level. In keeping with other studies, patients with higher baseline hemoglobin were younger and more likely to be male. 5, 18 Comorbidities were more prevalent in patients with lower hemoglobin and this was particularly noticeable for diabetes; patients in the lowest quintile of hemoglobin were nearly twice as likely to be diabetic as compared to those in the highest quintile. Lower levels of lipids seen in patients with low hemoglobin (and thereby in those with worse prognosis) may well be a reflection of impaired general health. How all these M A N U S C R I P T
12 comorbidities inter-relate to affect both hemoglobin and long-term outcomes is complex. Whist the development of anemia might itself contribute to cardiovascular events, it is likely that at least part of its association with adverse prognosis is related to underlying comorbid disease given that it is also an independent predictor of noncardiovascular mortality.
A cause-effect relationship exists between renal function and hemoglobin -patients with reduced renal function are known to have lower hemoglobin. Some studies have suggested an additive risk of chronic kidney disease and anemia in patients undergoing percutaneous coronary intervention. 5 In our study, low hemoglobin and anemia at follow-up were strong predictors of adverse outcome even after correcting for baseline renal function. Sensitivity analysis whereby patients with severe chronic kidney disease were excluded revealed qualitatively similar results.
Differences in treatments were seen across hemoglobin groups. From our data it is not possible to distinguish whether various treatments per se effects the development of anemia or whether hemoglobin influences prescribing practice. Despite a wide range of hemoglobin values very few patients did not receive either antiplatelet or oral anticoagulant therapy. Associated comorbidities are likely to play a role in differences; for example, the prescribing pattern of aspirin and anticoagulants could be in part be explained by associated atrial fibrillation. Higher use of thienopyridines was seen in stepwise fashion in lower hemoglobin quintiles despite lower rates of previous percutaneous coronary intervention. Overall use of nonsteroidal anti-inflammatory drugs was low in the total population, but was higher in patients with lower hemoglobin. A stepwise increase in prescription of proton pump inhibitors was seen with lower hemoglobin quintile. It is uncertain as to whether this relates to the presence of gastrointestinal disease or symptoms, or reflects a response to low hemoglobin or even contributes to anemia through the development of iron deficiency.
24,25
Patients with lower hemoglobin more frequently received angiotensin receptor blockers and were less likely to be prescribed angiotensin-converting enzyme inhibitors. We have shown a similar pattern when patients with coronary artery disease are evaluated according to severity of renal dysfunction.
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This study has several limitations. The current study population comprises 66.3% of the total CLARIFY population, due to baseline hemoglobin being unavailable in the remainder (recent blood tests
were not mandated for inclusion in the study). Owing in part to the large size of the study and the fact that M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
13 there appear to be regional differences in patients with and without blood test results, there are inevitably statistical differences between the two groups. This is another reason as to why we adjusted the analysis for geographic region. On inspection of the comparative data, the magnitude of difference and clinical relevance does not appear to be too large. Endpoints are all as reported by investigators without central adjudication. However, we do not expect major differences in ascertainment as a function of hemoglobin.
At yearly follow-up visits, blood tests were included if available within the previous 12 months and exact dates for the blood results were not collected. The clinical indication for the blood test might add confounding. Anemia per se was not an exclusion criterion, but it is plausible that subjects with more severe reduction in hemoglobin may have been excluded based on this being considered as hampering the collection of 5-year follow-up data. As such, the results may not be applicable to patients with more severe anemia at baseline. Whilst we have adjusted for geographic region, data on presence of thallasemia trait in participants are lacking and could theoretically influence the results.
We did not collect data relating to the cause of anemia, such as hematinics (in particular ferritin was unavailable), or other indices of red blood cell status (including mean corpuscular volume or red cell distribution width) or markers of inflammation (e.g. C-reactive protein), which might be associated with adverse outcome in coronary artery disease. 26 Knowledge of such data will be crucial to fully understanding the relationships we have demonstrated, and will be fundamental to planning prospective studies to see if correction of anemia is associated with improved outcomes in coronary artery disease.
CONCLUSIONS
Low hemoglobin is common and is an independent predictor of mortality, adverse cardiovascular events, and major bleeds in patients with stable coronary artery disease. Persisting or new onset anemia is a powerful predictor of cardiovascular and noncardiovascular mortality. More studies are required to establish the cause of low hemoglobin and whether correction, if possible, can translate into improved outcomes. In current clinical practice hemoglobin level should be considered an important marker in terms of assessment of prognosis and bleeding risk. Our data suggest that whilst low hemoglobin level may play a pathophysiological role in cardiovascular events, it is also likely to be a marker of coexisting disease.
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ROLE OF THE FUNDING SOURCE
The study was designed and conducted by the investigators. All data were collected and analyzed by NG and IF at the independent academic statistics center at the Robertson Centre for Biostatistics at the University of Glasgow, UK and interpreted by the investigators. The sponsor had no role in the design and management of the study, in the analysis, and interpretation of the data; and in the decision to submit the manuscript for publication, but did assist with the set up, data collection and management of the study in each country. The sponsor funded editorial support for editing and revision of the manuscript and received the manuscript for review prior to submission. The CLARIFY registry enforces a no ghost-writing policy. This manuscript was written by the authors, who take full responsibility for its content. 12.4) 517 (11.9) <.001 Data are presented as mean ± SD, number (percentage), or median (Q1-Q3). CABG = coronary artery bypass graft; Q = quartile; SD = standard deviation. *For differences across quintiles. †Diabetes or dyslipidemia reflects a history of these conditions. Patients were asked regarding symptoms of heart failure -this was categorized according to either New York Heart Association class or absent. Physical activity was graded according to the amount undertaken per week. Data are presented as mean ± SD or median (Q1-Q3). BP = blood pressure; bpm = beats per minute; CKD-EPI = Chronic Kidney Disease-Epidemiology Collaboration; eGFR = estimated glomerular filtration rate; LVEF = left ventricular ejection fraction; Q = quartile; SD = standard deviation. *For differences across quintiles. 
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